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ABSTRACT

Work performed on Project Stardust during the two year period, September,

1963 to September, 1965, is reviewed. Gas samples, to be analyzed for carbon-14,

3 have been collected on most Stardust sampling missions since August, 1963 in

addition to the filter samples. The RB-57F aircraft has replaced the WU-2 aircraft

I as the primary vehicle used for the collection of filter samples and gas samples of

stratospheric air. The procedures followed in the analysis of the filter samples

for products of cosmic-ray activity and the gas samples for carbon-14 are described.

Stratospheric concentrations of radioactive debris, including both fission

products and products of neutron activation, were very high in early 1963 as a

<I result of injections during the 1961 and 1962 weapons tests series. During 1963

to 1965 these concentrations decreased as these radionuclides underwent radioactive

decay and relatively rapid fallout to the troposphere and to the surface of the

I earth. As a result, by mid-1965 the fission products had reached levels similar

to those found in mid-1961, before the 1958-1961 moratorium on weapons testing was

SI ended. The stratospheric burden of strontium-90, which had reached 6.5 megacuries

SI by the beginning of 1963, decreased to about 2.1 megacuries by mid-1964 and to

abouit 0.9 megacurie by mid-1965. This indicates a stratospheric residence half-

I time of about ten months for strontium-90, and probably for most particulate debris

from the 1961-1962 low altitude weapons tests. The decrease in the manganese-54

I burden from about 24 megacuries (corrected for decay to 31 December 1962) to about

3 megacuries in mid-1965 is consistent with this concept. The mean values of the

activity ratios Cs 137/Sr90 (1.56 + 0.24), pu239'240/Sr90 (0.016 + 0.005), and

Fe 5/Mn54 (2.4 + 0.4) in Stardust filter samples were generally independent of time

and location of sample collection, indicating that the stratospheric burdens of

I cesium-137, plutonium-239,240 and iron-55 were also decreasing with a residence half-

time of about ten months. On the other hand, carbon-14, present in the stratosphere
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atoms in early 1963 to about 17 x 10 atoms in early 1965. During these two years

3 the decrease in carbon-.14 concentrations approximately corresponded to a stratospheric

residence half-time of about 18 months, but the effective residence time was increasing

with the passage of time as the fallout rate gradually decreased.

J The rate of transfer of particulate radioactive debris, including strontium-

90, manganese-54 and yttrium-88, from the northern tropical stratosphere into the

I stratosphere of the Southern Hemisphere was observed to be seasonally dependent,

reaching a maximum during the winter and early spring season of the SouthernI
Hemisphere. A maximum was found in the vertical profile of concentrations of

I particulate debris in the lower stratosphere during 1963 to 1965, and it showed no

tendency to migrate to higher altitudes during that interval. Evidently rates of
T

particle settling in the upper stratosphere exceeded the rates of upward diffusion

of the debris from the lower stratosphere, preventing the upward migration of the

level of the maximum. The level of the maximum in the vertical profile of bomb-

14produced C1 02 did appear to occur at higher altitudes as time passed during 1968

to 1965, no doubt as a result of upward diffusion and of removal of the bomb debris

SI from the stratosphere almost entirely at its lower boundary.

Cadmium-109, injected intothe upper atmosphere in July, 1962, was

intercepted in the lower stratosphere in the Southern Hemisphere towards the end

"of 1963, and in the Northern Hemisphere at the beginning of 1964. By 1965 this

nuclide was found in similar concentrations in both hemispheres, and appeared to

"I" be present in uniform concentrations in the upper stratosphere and down to a

I height of about 55 thousand feet in the lower stratosphere. The stratospheric

burden of this nuclide appeared to decrease from about 70 kilocuries in 1964 to

about 50 kilocuries in mid-1965, by which time half of the remaining burden was

¶I I I I I I I I II I I I
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S present between the tropopause and the 50 mb. level.

SNAP-9A plutonium-238 injected into the upper stratosphere in April,

i 1964 had entered the lower stratosphere of the Southern Hemisphere by May, 1965

and that of the Northern Hemisphere by December, 1965. Within a few months after

entering the lower stratosphere it reached the level of the tropopause. About

E 2.4 kilocuries of the estimated 17 kilocurie injection were present between the

tropopause and the 40 millibar level during late 1965.

Changes in the stratospheric distributions of the cosmic ray products

beryllium-7 and phosphorus-32 appeared to accompany changes in the stratospheric

circulation during the winter of 1963-1964.

4, Measurements of lead-210 in samples collected during 1957 to 1959, and

of lead-210 and polonium-210 in samples collected during December, 1964 indicated

1210 210* that the Po /Pb activity ratio is about 1.0 in the stratosphere, and that

there is a layer of maximum lead-210 concentration in the lower stratosphere, at

a height of about 45 thousand feet in the polar stratosphere but sloping up to

I about 60 thousand feet in the tropical stratosphere.

The Stardust numerical model of transfer and rainout of stratospheric

I radioactive materials has been further developed with the incorporation of a

l general anisotropic diffusion proces& Versions of the model have now been tested

in which the principal diffusion axis is along a horizontal surface, along surfaces

I of constant potential temperature, and approximately along surfaces of constant

potential vorticity. Only the last-mentioned of these versions successfully

1 reproduced the observed distributions of radioactivity in the stratosphere.

* ~During mid-1963 and mid-1964 the concentration of artificial carbon-14

from weapons tests reached values of more than 90 percent of the natural carbon-14

level in carbon dioxide collected from ground-level air in northern New Jersey. In

mid-1965, however, the highest concentration reached was only 75 percent of the

natural level.

,,,, ',*
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Measurements of the distribution of fission products in a series of

cores of two New Jersey soils suggested that downward migration of the nuclides

flattened the vertical activity profile between August, 1960 and January, 1962,

but that the profile had steepened again by October, 1962 and September, 1963 as

N a result of deposition of fallout from the 1961 and 1962 weapons tests. Deposition

rates calculated from these soil samples agree reasonably well with fallout

deposition rates calculated from precipitation samples collected at Westwood,

New Jersey.

I
I .
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' I CHAPTER 1. RECENT PROGRESS ON PROJECT STARDUST

I This is the eleventh progress report to be issued during Project

Stardust. The last interpretive report issued was the Ninth Quarterly Report

on Project Stardust, DASA 1309, dated September 1, 1963. The Tenth Progress

3 Report on Project Stardust, HASL-153, was published by the New York Operations

Office of the U. S. Atomic Energy Commission. It contained flight data and

results of radiochemical analyses of filter samples collected during 1961 and

3 1962 under Project Stardust, but Included no interpretive sections.

The present report undertakes to review the work which has been

U performed on Project Stardust during September 1963 - August 1965. An appendix

to this report, containing flight data and results of radiochemical analyses of

filter samples collected during 1963 under Project Stardust, has been published

I as report HASL-168 by the U. S. Atomic Energy Commission Health and Safety

Laboratory, and the results of carbon-14 analyses performed on stratospheric

carbon dioxide samples collected on Stardust sampling missions during August

1963 to April 1965 have been published in report HASL-166. In addition, flight

I data and results of analysis of Stardust samples for 1964 and 1965 have been

• I published by the Atomic Energy Commission Health and Safety Laboratory as HASL-169

and 176, respectively.

Host of the techniques of sample collection and analysis and of data

reduction which are presently being used during Project Stardust asre adequately

I described either in the Final Report on the High Altitude Sampling Program,

U fDASA 1300, or in the Ninth Quarterly Report on Project Stardust, DASA 1309.

Therefore, the only techniques described in this report are those not discussed

in those two earlier publications: the procedures foUowed in the analysis of

filter samples for strontium-90 and the cosmic ray products beryllium-7,
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sodium-22, phosphorus-32 and phosphorus-33, and the procedures followed in

analyzing Stardust stratospheric carbon dioxide for carbon-14.

This report also contains a review of recent progress in the study of

the stratospheric distributions and stratospheric burdens of radioactive debris

from nuclear weapon tests, in the study of the stratospheric distribution of

plutonium-238 from the April 1964 SNAP-9A burnup, in the study of the strato-

spheric distribution of such natural radionuclides as the cosmic ray products

and the radon daughter products, in the design and testing of the Stardust

numerical model of diffusion and rainout of stratospheric radioactive materials,

in the monitoring of carbon-14 concentrations in ground-level air in northern

New Jersey, and in measurements of the radioactive fallout in two New Jersey

~' soils.

Purpose and Method of Project Stardust

Project Stardust was undertaken initially to prepare a mathematical

model of atmospheric mixing and circulation which could be used to predict

stratospheric hold-up and ultimate patterns of deposition on the surface of

I the earth of radioactive debris injected into the stratosphere by nuclear

i weapon tests, by burn-up on re-entry of radioactive nuclear power sources for

earth satellites, or by other causes. An additional aim of the project, whichU has now become its primary purpose, is the monitoring of stratospheric conc*-

trations of radioactive debris injected into the stratosphere by past events

I in order to obtain informston needed for the estimtion of the potential

Sfuture hasard from such debris.

STo permit the monitoring of stratospheric concentratios of radio-

i I active debris, regular Stardust sampling missions have been flown since Juem

1961 to collect filter "sples of stratospheric air, and, since August 1963,A ___

¶. .• •. •" . . . ' -. ... .. ..- ... , l I i
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whole air samples. At Isotopes, Inc. in Westwood, New Jersey the filter

, samples are analyzed for a series of fission products and neutron activation

products, and, at times, for radionuclides produced by natural processes.

Aliquots of the whole air samples are measured for their carbon dioxide content

3 using an isotope dilution technique, and the carbon dioxide fractions of the

samples are measured for their carbon-14 content.

Information obtained from several atmospheric "tracers" is being used

5 to guide the selection of values for the various meteorological parameters

included in the model. Among these tracers are several artificial radionuclides

introduced into the stratosphere by nuclear weapon tests, several natural

radionuclides found in the stratosphere and troposphere, plutonium-238 from the

SNAP-9A power source burn-up in April 1964, and such non-radioactive materials

as ozone and water vapor. The results of measurements of atmospheric radio-

activity made during Project HASP, Project Stardust, the U. S. Atomic Energy

f Comission high altitude balloon sampling program, and other measurement

programs have been used to determine the atmospheric distribution of the radio-

I active tracers and the changes which occur in these distributions as a function

"l nof time.

The numerical v d..' which is being developed provides an objective

method of experimentation in the attempt to simulate the actual processes which

affect the movement of radioactive contaminants within the stratosphere. It

I permits evaluation of the effects in the movement of the contaminant to be

expected as a result of the configuration of the source, of the size of the

diffusion coefficients, of the possible existence of a general circulation

3I within the stretosphere, of the settling velocity of stretosptheric particles

"and of the possible tropospheric rmoval mechanisms.I'
Li,
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Developments During September 1963 - September 1965

During 1963 to 1965 there has been a continuing decrease in the

stratospheric concentrations of radioactive debris from nuclear weapons tests.

This decrease has resulted both from the radioactive decay of the radionuclides

I involved and from the fairly rapid fallout of particulate debris from the

stratosphere. In addition, the radioactive debris which has remained in the

stratosphere has undergone continued lateral and vertical movements with the

result that the debris in the various regions of the lower stratosphere has

become more uniform in concentration and composition. These changes in the

stratospheric distribution of radioactive debris have resulted in changes in

the sampling and analytical schedules followed in the study of the debris during

I Project Stardust.

I There have been four major changes in the Starduzst program during

Septemher 1963 to September 1965. The first has involved a decrease in the

I frequency of sampling missions. Currently the entire Stardust sampling

corridor is covered once a month rather than twice a month as during early

1963. In addition the tropospheric sampling which wis instituted during 1963

I was texminated during 1964. The news restricted sampling program is adequate

to meet the present needs of Project Stardust, especially since *am tropo-

spheric samples collected during another program are being made available fbr

analysis under Stardust.

The second change in the program has involved the elfalmtion hve

"the analytical schedule of most of the tmuclidea which were measured hrawin

* 1%3. By the second half of 1965 otly five nuclidees strootium-90, mangmee-s4,

I cadmiu-109 and plutoniim-238, 239, were beirg anlyzed routineLy tn Stardust

filter saples, though carbon-14 wae still beino analysed in the whol. air
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